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ABSTRACT : 

PURPOSE: To obtain a sufficient levitation force due to 
the mutual magnetic 

action between magnetic fields of the second coil and a 
plurality of magnetic 

poles of the rotor to keep a shaft center of a rotor at a 
fixed place by 

causing current to flow in a first winding to rotate the 
rotor and by causing 

current to flow in a secondary winding to generate the 
magnetic field. 

CONSTITUTION: In an inner face of a stator 1, slots 2 are 
formed at twelve 

equal parts of the circumference • In each slot, for 
example, four separate 

windings 3 are housed. A rotor 6 is constituted of a 
cylindrical iron core 8 

installed on a shaft 7 and four permanent magnets 9 
located on an outer face of 

the iron core. This structure is all the same as that of 
the conventional 

synchronous motor, etc., except for a winding state. 
When the windings 3 of 
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the stator 1 are excited in sequence and a 6-pole rotary 
magnetic field is 

generated along the inner face of the stator 1, the 
continuous one -directional 

displacement force is applied to the rotor 6. At that 
time, by setting the 

displacement force that works on the rotor 6 upwards all 
the time, the rotor 6 
can be levitated. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic-levitation motor used for a space related equipment, a high 

speed rotating equipment, etc. 

[0002] 

[Description of the Prior Art] In recent years, in the space related equipment, the high-speed rotating machine, etc., the 
magnetic bearing which holds body of revolution by non-contact is used. However, when a magnetic-levitation motor is 
constituted with the application of a magnetic bearing on a high-speed motor etc., in order also to have to support the suction 
force of the orientation of a path which a motor generates by the magnetic bearing, there was a problem from which a 
magnetic bearing becomes large-sized and becomes cost quantity. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention was made in view of the situation mentioned above, and the 
purpose has structure in offering the magnetic-levitation motor which can acquire surfacing force small and sufficient 
moreover. 
[0004] 

[Means for Solving the Problem] In order to solve the problem mentioned above, invention according to claim 1 The stator by 
which two or more slots were formed in inner skin, and the rotator which has two or more magnetic poles which are arranged 
in the aforementioned stator and counter with the inner skin of the aforementioned stator in a periphery side, It is 
characterized by providing the 1 st coil which generates the magnetic field which is inserted in in the aforementioned slot, and 
it wires and carries out the rotation drive of the aforementioned rotator by energization, and the 2nd coil which generates the 
magnetic field which it is inserted [ magnetic field ] in in the aforementioned slot, wires [ magnetic field ] and makes a fixed 
position orientate the axial center of the aforementioned rotator by energization. 

[0005] Moreover, the above 1 st and the 2nd coil are unipolar coils with which the plurality became independent respectively, 
the number of magnetic poles which the aforementioned stator has is N (N is an integer), and invention according to claim 2 
is characterized by the current which makes the rotating magnetic field of N**2 pole generate being energized by the 2nd 
aforementioned coil. 

[0006] Moreover, the 1st aforementioned coil repeats invention according to claim 3, and the 2nd aforementioned coil is a 
unipolar coil with which the plurality became independent, and it is a coil and is characterized [ the number of magnetic poles 
which the aforementioned stator has is N (N is an integer), and ] by the current which makes the rotating magnetic field of 
N**2 pole generate being energized by the 2nd aforementioned coil. 

[0007] Moreover, the number of magnetic poles in which the aforementioned stator has invention according to claim 4 is N 
(N is an integer). The alternating current of K phase (K is an integer) is energized by the 1st aforementioned coil, the 
alternating current of M phase (M is an integer) is energized by the 2nd aforementioned coil, and it is characterized by 
coming to form the slot of a common multiple of NxK and x(N**2) M in the aforementioned stator. 
[0008] 

[Function] According to this invention, a current is passed to the 1 st coil and a rotator is rotated. Moreover, a current is 
passed to the 2nd coil, the magnetic field which makes a fixed position orientate the axial center of a rotator is generated, and 
the surfacing force is acquired by the mutual magnetic action of this magnetic field and two or more magnetic poles of a 
rotator. 
[0009] 

[Example] Next, the example of this invention is explained with reference to a drawing. Drawing 1 is drawing showing the 
configuration of the 1 st example of this invention. In this drawing, 1 is the stator which carried out the laminating of the 
magnetic steel sheet etc., and slots 2 and 2 and ... are formed in 12 periphery division into equal parts at the inner skin of a 
stator 1 . the coil according [3,3, and ... ] to a single volume — it is — the aforementioned slots 2 and 2 and ... it is contained 
inside In this case, as shown in drawing, four independent coils are contained in each slot 2. Drawing 2 being drawing 
showing the winding status of each coil 3, and setting it to this drawing, the number of an upper case is the slot number and 
the notations a, b, 1 of a sublevel. And the notations m, n, x of the lower berth show the coil. At this time, it is shown 
that the same notation is the same coil and the negative sign "-" shows the end of a volume. 
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[00 1 0] 6 is a rotator and is arranged in the inner direction of the aforementioned stator 1 . The rotator 6 consists of an iron 
core 8 of the shape of a cyhnder attached in the shaft 7, and four permanent magnets 9, 9, 9, and 9 respectively attached by the 
polarity illustrated to the peripheiy side of this iron core 8. The above-mentioned permanent magnet 9 forms the magnetic 
pole for four poles which separate the inner skin and the opening of a stator 1 and counter. In addition, the configuration 
mentioned above is the same configuration as the conventional synchronous motor or a servo motor except for the winding 
status of a coil 3 . 

[001 1] In such a configuration, if the coils m, n, .... x of a stator 1 are excited one by one and 6 pole rotating magnetic field 
are generated along with the inner skin of a stator 1 , the displacement force of the fixed orientation which followed the rotator 
6 will be given. At this time, a rotator 6 can be continuously surfaced by always setting up upward the displacement force 
committed to a rotator 6. Hereafter, this surfacing principle is explained. 

[0012] In drawing 3 , the position of each magnetic pole of the rotating magnetic field generated along with the inner skin of a 
stator 1 in the outside of a circle is shown, and the position of each magnetic pole of a permanent magnet 9 and ... established 
in the rotator 6 is shown inside a circle. It rotates in the orientation of the arrow head so that each magnetic pole of the 
rotating magnetic field mentioned above and each magnetic pole of a permanent magnet 9 and ... may illustrate. 
[0013] In this case, it is [Equation 1] about the flux density Br by the rotating permanent magnet 9 and i.e., a field 
magnetic field. 

When it carries out (however, omega angular velocity and t time and theta machine angle), the flux density Bs by the rotating 
magnetic field generated along with the inner circumference of a stator 1 is [Equation 2]. 
Bs ^ Bf'Cos (2) 

It becomes. 

[00 1 4] As shown in drawing 3 , in the status of omegat^O, the force of surfacing a rotator 6 upward according to the 
magnetic-attraction force of the south pole and N pole and the magnetic-repulsion force of N pole, N pole and the south pole, 
and the south pole works. Moreover, it can always work upward and the synthetic force of the magnetic- attraction force and 
magnetic-repulsion force which were mentioned above even if omegat changed with pi / 3pi [ 2pi and ]/2 can acquire the 
continuous surfacing force. In this case, since it can be regarded as what superimposed the flux density Br by the field 
magnetic field, and the flux density Bs by the rotating magnetic field, flux density B of the opening between a stator 1 and the 
rotator 6 is [Equation 3]. 
B ' Br i- Bs 

= Bnn*Co$(a;T+2aKBf*Cos(cjt+3e) (2^5 

It becomes. And the suction force committed to the end face of both magnetic pole when flux density B exists between 
cross-section S of each magnetic pole which opposes is the same as that of the orientation of magnetic flux, and the size is 
[Equation 4]. 

F = -~ — S (4) 



It becomes (however, mu 0 permeability). Now, flux density is not uniform, since the orientation has also turned to the 
orientation of a center, the suction force committed to an opening becomes the function of angle theta, and the orientation 
becomes in the orientation of a center. Therefore, when minute cross-section deltaS is taken and the orientation of a suction 
force is made into the orientation of ** theta as cross section, it is [Equation 5] to the orientation of ** theta. 

Re)= AS (5) 

A ***** * suction force works. 

[0015] Then, if the component of a force of the vertical orientation (theta= 0) is taken and the sum of a perimeter is taken, 
surfacing force F will be calculated. That is, the suction force committed to a rotator 6 is a suction force of the orientation of 
** theta which goes to a stator 1 to a radial, and the force of a component of surfacing the whole rotator upward (theta= 0 
orientation) will be searched for if total of the orientation component of ** theta is taken. Therefore, [Equation 6] 
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F - Fie)Cosd<jie 

^ fo^^ Cos(wt+25e) Bf Cos(a^T+35)/ CosB68 

+ Bm - Bf Cos(a;t 2&)Cos(a>t ^36')Cosfid5 
^ Bm-Bf ^ _ 

It becomes. (6) A formula shows that fixed surfacing force F is obtained regardless of omegat. The size of this surfacing force 
F is freely set up by changing the strength Bf of the rotating magnetic field with a natural thing. 

[0016] Next, the principle which sets up arbitrarily the orientation of the displacement force committed to the rotator 6 
mentioned above is explained. First, phase contrast phi is given to the rotating magnetic field, and it is [Equation 7] about the 
aforementioned (2) formula. 
Bs = Bf»C0S(ti^t+3ff+<jb) (7) 



It carries out. If phase contrast phi of this formula is changed with 0, and pi / 3pi [ 2pi and ]/2, it will change, as the 
orientation of the displacement force shows by the arrow head of drawing 4 . Thus, the orientation of the displacement force 
committed to a rotator 5 is arbitrarily set up by changing phase contrast phi. 

[0017] As mentioned above, the size and orientation of the displacement force are arbitrarily controllable by the flux density 
Bf and phase contrast phi of the rotating magnetic field, therefore, the relative variation rate of the vertical orientation (Y shaft 
orientations) of a rotator 6 and the longitudinal direction (X shaft orientations) to a stator 1 is detected respectively, and it was 
detected — this — if flux density Bf and phase contrast phi are controlled based on a variation rate, the magnetic levitation of 
the rotator 6 can be carried out continuously 

[0018] Drawing 5 is a block diagram showing the system configuration of one example of this invention. In addition, in 
drawing 5 , the sign same about the fraction corresponding to each part shown in drawing 1 is attached, and an explanation is 
omitted. 10 and 1 1 are displacement sensors and are being fixed to the position which separates the periphery side and 
opening of a shaft 7 and opposes. These displacement sensors 1 0 and 1 1 detect respectively the variation rate of the shaft 7 
therefore X shaft orientations of a rotator 6, and Y shaft orientations. 12 is an A/D converter which changes the output signal 
of the above-mentioned displacement sensors 10 and 1 1 into digital one from an analog. 13 is a microcomputer with which 
the output signal of above-mentioned A/D converter 12 is supplied, and is mentioned later for details. 14 is a D/A converter 
which changes into an analog the control signal outputted from the above-mentioned microcomputer 1 3 from digital one. 1 5 
amplifies the output signal of above-mentioned D/A converter 14, and is coils 3 and 3 and a power amplification which 
supplies a current to ... 

[0019] In such a configuration, always, a microcomputer 13 calculates the surfacing current which surfaces the torque current 
and the rotator 6 which generate motor torque, and outputs the result to D/A converter 14. D/A converter 14 changes the 
output of a microcomputer 13 into an analog signal, and outputs it to a power amplification 15. A power amplification 15 
amplifies the output of D/A converter 1 4, and outputs it to each coils a-1 of a stator 1 , and m-x ( drawing 2 ). 
[0020] Hereafter, it explains in fiill detail fiirther. First, when rotating this motor as a synchronous motor, the torque current 
which makes coils a-1 generate the rotating magnetic field of four poles is passed. In addition, the current value and phase 
which are passed to each coils a-1 can be easily determined from the position of each coil. 

[0021] Moreover, when rotating this motor as a servo motor, the encoder which detects the angular position of a rotator 6 at a 
shaft 7 is formed, and the torque current according to the angular position which detected and detected the angular position of 
a rotator 6 is determined from the output of this encoder. 

[0022] Next, to coils m-x, the current which generates 6 pole rotating magnetic field mentioned above is passed as a 
surfacing current. Here, in the case of a synchronous motor, the angular position of a rotator 6 is in the position which 
synchronized with 4 pole rotating magnetic field which a stator 1 forms, and, in the case of a servo motor, can be detected 
f^om the output of an encoder. Moreover, the displacement orientation and the amount of displacement from a center position 
of a rotator 6 are detectable from the output of displacement sensors 10 and 1 1 . Then, always, a microcomputer 13 detects the 
variation rate from the angular position and the center of a rotator 6, determines the size of 6 pole rotating magnetic field, and 
a phase according to the principle mentioned above from this detection result, and computes the current passed to each coils 
m-x. 

[0023] Drawing 6 is drawing showing the configuration of the 2nd example. In this drawing, the same sign is given to the 
fraction which corresponds with each part of drawing 1 , and an explanation is omitted. 20, 20, and ... are coils, and it differs 
in the coil 3 which the point that three coils which became independent in each slot 2 were contained mentioned above so that 
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it may illustrate. Drawing 7 is the notations a-1 of the coil according [ in / this drawing / are drawing showing the winding 
status of each coil 20, and / the slot number and the notations U, W, and V of a sublevel ] to a lap winding in the number of an 
upper case, and the lower berth. The coil by the single volume is shown and coils U, W, and V are usual three-phase-circuit 
coils. At this time, it is shown that the same notation is the same coil and the negative sign shows the end of a volume. 
[0024] Next, an operation of the above-mentioned example is explained. First, when rotating this motor as a synchronous 
motor, the three-phase-altemating-current current which makes coils U, V, and W generate the rotating magnetic field of four 
poles is passed. 

[0025] On the other hand, the current supplied to coils a-1 is performed by the system configuration shown in drawing 5 . 
Unlike the case where it is the 1st example that a coil 20 is connected to a power amplification 1 5 instead of a coil 3, in this 
drawing, the coils a-1 shown in drawing 7 in this case are connected to the power amplification 15. 
[0026] In the configuration mentioned above, a microcomputer 1 3 always detects the displacement orientation and the 
amount of displacement from a center position of a shaft 7 based on the output of AID converter 12. Moreover, the angular 
position of a rotator 6 is detected fi*om the phase of the three-phase-altemating-current current mentioned above. In addition, 
in the case of a synchronous motor, the position of 4 pole rotating magnetic field and a rotator synchronizes. 
[0027] And a microcomputer 13 is computed from the formula which mentioned above the flux density Bf of 6 pole rotating 
magnetic field and phase contrast phi which surface a rotator 6, detects the current which should be passed to each coils a-1 
based on the calculation result and the angular position of a rotator 6 mentioned above, and outputs a current command to 
D/A converter 14. D/A converter 14 changes the current command into an analog signal, and outputs it to a power 
amplification 15. A power amplification 15 amplifies the supplied signal and drives each coils a-1. 

[0028] In addition, when rotating a motor as a servo motor, an encoder can be attached in a shaft 7, the angular position of a 
rotator 6 can be detected based on the output of this encoder, and a torque current can be determined from this detection 
result. 

[0029] Drawing 8 is drawing showing the configuration of the 3rd example. In this drawing, the same sign is given to the 
fraction which corresponds with each part of drawing 6 , and an explanation is omitted. It differs in the coil 20 which the 
point that two coils which became independent in each slot 2 were contained mentioned above so that 30 is a stator and it 
differs in this inner skin in slots 2 and 2 and the stator 1 which the point that ... was formed in 36 periphery division into equal 
parts mentioned above, and 31, 31, and ... may be coils and it may illustrate. The numbers of an upper case are the notations 
U, W, and V of a coil and the lower berth with which the slot number and the notations U, W, and V of a sublevel were 
contained [ in / this drawing / drawing 9 is drawing showing the winding status of each coil 3 1 and ] by Kamiguchi of a slot 2. 
The coil contained by Shimokuchi of a slot 2 is shown. At this time, it is shown that the same notation is the same coil and the 
negative sign "-" shows the end of a volume. 

[0030] In the configuration mentioned above, the shaft 7 of a rotator 6 is faced, two displacement sensors which detect the 
variation rate of the shaft 7 of a longitudinal direction (the orientation of X) and the vertical orientation (the orientation of Y) 
are prepared, and the amount of displacement and the displacement orientation of a rotator 6 of [ from a rotation-axis center ] 
are detected. And the size and phase of 6 pole rotating magnetic field are determined that the variation rate of this rotator 6 
should be negated. Moreover, in the case of a synchronous motor, the rotation position of a rotator 6 synchronizes with 4 pole 
rotating magnetic field, and, in the case of a servo motor, it can detect from the output of an encoder. Therefore, the size and 
phase of a current which should be impressed to the coil of Shimokuchi of the slot 2 of drawing 8 from the variation rate of 
the rotator 6 mentioned above and the rotation position of a rotator 6 are determined. And this determined current can be 
generated by the inverter etc. and the magnetic levitation of the rotator 6 can be carried out by being impressed by each coil. 
[003 1] In addition, although the 1 st example of this invention showed the rotating magnetic field of six poles for surfacing the 
rotating magnetic field and the rotator 6 of four poles for rotating a motor, you may make the rotating magnetic field for the 
rotating magnetic field for rotating a motor surfacing four poles and the rotator 6 into two poles. Moreover, as long as it 
fulfills the conditions whose numbers of poles of the rotating magnetic field which generate the surfacing force are N**2, you 
may make the number of poles of a rotator 5 into the numbers of poles other than four. 

[0032] In addition, what is necessary is to make the rotating magnetic field for surfacing a rotator 6 into two poles, and just to 
fill with the 2nd example of this invention the conditions whose numbers of poles of the rotating magnetic field which 
generate the surfacing force are N**2, although the rotating magnetic field of six poles for surfacing a rotator 6 were shown. 
[0033] In addition, although the 3rd example of this invention showed the rotating magnetic field of six poles for surfacing the 
rotating magnetic field and the rotator 6 of four poles for rotating a motor, you may make the rotating magnetic field for the 
rotating magnetic field for rotating a motor surfacing four poles and the rotator 6 into two poles. Moreover, the number 
required in order to carry out this invention of slots turns into the least common multiple with 1 8 slots required in order to 
generate 12 slots required in order to generate the three phase 4 pole rotating magnetic field, and the three phase 6 pole 
rotating magnetic field. Therefore, you may make it 72, 108, etc. and the multiples of 36 in addition to 36 which showed 
the number of slots in the 3rd example of this invention. Moreover, when the rotating magnetic field for surfacing a rotator 4 
are made into two poles, the number required in order to generate the three phase 6 pole rotating magnetic field of slots is set 
to 6. Therefore, it is good in the number of slots as for the multiples 12, 24, and 36 of the least common multiple of 6 and 12, 

etc. 
[0034] 

[Effect of the Invention] The stator by which two or more slots were formed in inner skin according to this invention as 
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explained above. The rotator which has two or more magnetic poles which are arranged in the aforementioned stator and 
counter with the inner skin of the aforementioned stator in a periphery side. The 1st coil which generates the magnetic field 
which is inserted in in the aforementioned slot, and it wires and carries out the rotation drive of the aforementioned rotator by 
energization. It is inserted in in the aforementioned slot and wires, and since the 2nd coil which generates the magnetic field 
which makes a fixed position orientate the axial center of the aforementioned rotator by energization is provided, a 
magnetic-levitation motor can consist of the almost same configuration as the conventional synchronous motor. Therefore, as 
compared with the motor using the conventional magnetic bearing, the effect which can constitute a magnetic-levitation motor 
simply and cheaply is acquired. 



[Translation done.] 
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